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Primary Antibodies 









Antibodies for Neuroscience and Signal Transduction Research (continued) 




Anti-Alzheimer precursor protein A4, 
formalin grade (Pre-A4) (clone 22C11) 

Cat. Mo. 1285 262 


The antibody was produced by immunization with the fusion protein pre-A4 gg5 , and reacts with the 

Human niiuciiuci uicuuioui ytuicin nrt. \i jiiuvva Uio ( cdLLIvlly Wllfl [ilc pfc-M^t (TlOieCuieS irOfTl 

fish, rat mouse, and monkey. Stability: Lyophiiizate is stable at f4°C. Reconstituted antibody 
solution (200 ug/ml in water) is stable at -20°C. Avoid repeated freezing and thawing. 


hum^nTmousa^ 
fish, monkey 


Anti-^-Amylaid, Alzheimer 

Cat Mo. 1381 431 


The antibody reacts with plaques in brain cryosections of Alzheimer patients. Stability: Lyoohiiizate 
is stable at r4°C. Reconstituted antibody solution (200 ug/ml in water) is stable at -2Q Q C. Avoid 
repeated freezing and thawing. 


human 


dfifo Anti-Ca 2+ /calmoduiin-dependent protein 
^"■^ kinase type ii (clone 6G9) 

Cat Mo. 1481 703 


Recognizes the a-subunit of Ca 2+ /calmoduiin-dependent protein kinase II and reacts with tissue 
from all mammalian species tested, as well as with chicken and frog tissues. Stability: Stable 
at -2Q°C. 


mammais, chicke 
frog 


Anti-caicitonin gene-reiated peptide, 
human 

Cat. Mo. 1295 241 


To obtain the polyclonal antiserum, rabbits were immunized with calcitonin gene-related oeptide. 
The antibody is suitable for detection of CGRP on brain sections. Stability: Lyophiiizate is stable 
at ~4°C. Reconstituted antibody solution (200 ug/ml in water) is stable at -2Q°C. Avoid repeated 
freezing and thawing. 


human, mouse, re 
chicken 


Anti-L-CAM/Uvomorulin (clone 5F9) 
Cat No. 1441 892 


The antibody specifically recognizes the 120 kD and the 80 !<D band of L-CAM/Uvomorulin (Arc-1 
c-cadherin cell-CAM 120/80) in man and rabbit L-CAM/Uvomoruiin staining is confined to the 
lateral border of epithelial ceils and, within the intestine, shows more intense concentrations in 
the area of the junctional complex. As a positive control, the cell line MCF-7 can be used. 
Stability: Lyophiiizate is stable at +4°C. Reconstituted antibody solution (200 ug/ml in water) 
is stable at -20°C. Avoid repeated freezing and thawing. 


human, rabbit 


Anti-chaline acetyltransferase (CJiAT) 

(clone 11-255) 

Cat Mo. 770 981 


Thp snfihnriv rp^rt^ with rhnlinp arptvltrarKf pn^p from mnnf/p*/ nin rat anH mnnea 

1 1 ig uimuuuy i cchjU vviu i uijuiiiig aijCiy i u anal ci aoc iiumi illUMftcy, Uly, !dL, allU fllUUoc. 

Stability: Lyophiiizate is stable at -2Q°C. Store reconstituted antibody solution at -r4°C. 
Do not freeze. 


mouse, rat, pig, 
monkey 


Anti-choline acetyftransf erase, human 
(ChAT) (clone 1.B3.9B3) 

Cat. No. 1464 272 


The antibody reacts with choline acetyltransferase from man, rat and pig. The antibody can 
be used for investigating the decrease of the cholinergic system in Alzheimer's disease. 
Stability: Stable at +4°C. 


human, rat, pig 


Anti-chromogranin A (clone LK2H10) 
Cat Mo. 1199 021 


The antibody recognizes the 63 kD protein, chromogranin A, found exclusively in secretory storage 
granules of almost all neuroendocrine cells. The antibody binds small cell carcinoma of the lung, 
Merkel cell carcinomas and neuroblastomas weakly; binds most other endocrine-derived tumors 
strongly. Primary antibody for immunohistochemicai detection and characterization of normal 
endocrine cells and endocrine-derived tumor cells [Lloyd, R.V. and Wilson, 8.S. (1983) Science 222. 
628-630; Wilson, 3.S. and Lioyd, R.V. (1984) Am. J. Pathol. 115, 453-468]. Stability: Stable at f4°C 
for prolonged storage, aliquot and store at -20°C or colder. Avoid repeated freezing and thawing. 


human, monkey, 
pig 


Anti-CNP (2\3'-cycIic nucleotide 3'- 
phosphodiesterase) (clone 11-58) 
Cat Mo. 1442 007 


The antibody reacts with both CMPase 1 and CNPase 2 (2\3'-cyciic nucleotide 3'-phospho- 
diesterase) and is used as an oligodendrocyte and Schwann cell marker. Stability: Lyophiiizate 
is stable at ^-4°C. Reconstituted antibody solution (200 pg/ml in water) is stable at -20°C. Avoid 
repeated freezing and thawing. 


human, mouse, rs 
rabbit, bovine, doc 
sheep 


^Ij^Anti-dystrophin 

(clone 1308C) 

Cat No. 1558 722 


The antibody recognizes dystrophin, the 427 kD product of a 14 kb transcript encoded by 
the Duchenne muscular dystrophy gene locus on chromosome Xp21. It does not label human 
Duchenne muscle or mouse mdx (murine muscular dystrophy) tissue, and it does not cross-react 
with proteins closely related to dystrophin (e.g., C-protein, ct-actin, or human muscle spectrin). 
Reference: Hoffman, E.P., Brown. R.H. and Kunkel, LM. (1987) Cfl//51,919. Stability: The antibody 
is stable for 13 months at +4°C or 2 years at -2Q Q C. Once reconstituted, store the antibody in 
afiquots at — 20°C to avoid repeated freezing and thawing. Avoid gross bacterial contamination. 


human, rat. moust 
other mammalian, 
chicken, frog 


Anti-(3-Endorphin (clone 3-E7) 
Cat Mo. 1089 170 


The antibody reacts with the NH2-terminai Tyr-Gly-Gly-Phe-sequence of human p-endorphin. 
Therefore, there is a high cross-reactivity with homologues with the same sequence like (Met)- 
enkephalin and (Lsu)-enkenhalin and many opioid peptides. The antibody reacts with [3-endorphin 
from pig and camel. Stability: Lyophiiizate is stable at-20°C. Store the reconstituted antibody 
solution at f4°C. 


human, pig, cams! 


Anti-GABA A receptor, a-chain 

(An ti-7-arnino butyric acid) (clone bd 24) 

Cat Mo. 1381 440 


The antibody reacts with the a-chain of GABA A receptor from cow and rat. Stability: Lyophiiizate 
is stable at r4°C. Reconstituted antibody solution (200 pg/ml in water) is stable at -20°C. Avoid 
repeated freezing and thawing. 


human, bovine 


Anti-GABA A receptor, {3-chain 

(Anti-^aminobutyric acid) (clone bd 17) 

Cat No. 1381 458 


The antibody reacts with the [3-chain of GABA A receptor from cow, man, and rat Stability: 
Lyophiiizate is stable at 44°C. Reconstituted antibody solution (200 pg/ml in water) is stable 
at -20°C. Avoid repeated freezing and thawing. 


human, rat, bovine 
cat 



8 = Southern/norrhem/doi blots 
FC = Flow cytometry 
N = Neutralizing 



C - Cryosections 

IC - Immunocytochemistry 

P = Paraffin sections 
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Note: Listed applications are tested by Boehringer Mannheim. Any application not listed 



CD = Cluster of Differentiation 
IHC = Immunohistochemistry 
S = Histological sections 



£ = ELISA 

IP = Immunoprecipitadod 
W = Western (proiemsj otocs 







• 






Prmiary Antibodies 


; Class • >•-(,:.; 


Application: 


Working CtatE. 
? (|ig/ml)v > 




; Famr i; 




;.; Pack Size 


Price 

(»," 


ff 


blouse igG, 
• i (fnonoclonai) 

f £ 


c, P, w 


5-10 


250-1,000 (S) 


Lyophilized 


1235 262 
1272 329 


50 ug 
□ 




252.00 


"\ Rabbit Ig 
■ £ (polyclonal) 


c. P, w 


10-20 (S), 20 (W) 


50-500 (S) 


Lyophilized 


1331 431 
1334 082 


100 ug 
□ 




244.00 


"f*Mouse IgG! 
-\ (monoclonal) 


c, w 


10 (IC, W) 


200 (IC) 


Lyophiiized 


1481 703 
1 484 71 1 


200 ug 
i — i 




237.00 


2\ Rabbit IgG 
■-' | (polycional) 


CP 


5-10 


250-500 (S) 


Lyophilized 


1295 241 

198/1 ^7fi 


50 ug 

i — ] 




202.00 


7{ Mouse IgG, 
- c (monoclonal) 


C, W, IC, E 


1-4(IC) 


250-5Q0 (IC) 


Lyophilized 


1441 392 


50 ug 


IB 


Inquire 


~; Rat IgG 
; (monoclonal) 


C, P (limited application) 2.5-4 (S) 


125-200 (S) 
500-300 (S) 


Lyophiiized 
Lyophilized 


770 981 
■ 770 990 
755 702 


10 ug 
40 ug 

□ 




116.00 
329.00 


•. i Mouse IgG, 
7.1 (monoclonal) 


c, w 

P (limited application) 


10-20 (CS) 


100-200 (S) 


Lyophilized 
Lyophilized 


1464 272 
1372 432 
1372 025 

i U 1 Cm UCJ 


50 ug 
100 ug 
n 

! — ! 




180.00 
438.00 


l\ Mouse IgG-, 
11 (monoclonal) 


C. P 


1-10 (S) 


2,500-25,000 (S) 


Solution, 500 p 


1 1199 021 
1199 030 


500 ug 

n 




330.00 


: ; Mouse !gG 1 
: \ (monoclonal) 

i. 


C, W, iC 


10 (IC) 


100-200 (IC) 


Lyophilized 


1442 007 
1442 015 


100 ug 




195.00 


( Mouse IgG, 
; (monoclonal) 

1 

■ f. 


iHC 








1553 722 
1558 749 


100 ug 
□ 




155.00 


^ Mm icq IrtP 

r iviuuse tgb^ a 
4 (monoclonal) 

i 


E 


1(E) 


400 (E) 


Lyophiiized 


1089 170 
1091 395 


40 pg 

□ 




216.00 


i Mouse IgG, 
i; (monoclonal) 


C, W, IP 

P (limited application) 


10-20 (S), 20 (W) 


100-200 (S) 


Lyophilized 


1381 44Q 
1381 261 


100 ug 

□ 




249.00 


i- Mouse IgG, 
t (monoclonal) 


C, W, IP 

P (limited application) 


10-20 (C),2Q (W) 


50-500 (C) 


Lyophilized 


1381 458 
1381 288 


100 ug 




249.00 


1 

| 0 Indicates special bulk 
£ quantity availabtiity, 
* see page ii for details. 


[a^l A pack insert for this 
1=1 product is available 
upon request. 






To place an order: 800 262 1640 

For technical assistance: 800 262 4911 
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Expression and immunogenicity of the 
V3 loop from the envelope of human 
immunodeficiency virus type 1 in an 
attenuated aroA strain of Salmonella 
typhimurium upon genetic coupling to 
two Escherichia coli carrier proteins 

A. Charbit*^, P. Martineau*, J. Ronco 1 , C. Leclerc% R. Lo-Marr, 
V. Michel*, D. O'Callaghan* and M. Hofnung* 

A peptide comprising residues glu 393 to ser 334 from the principal neutra^ 
( V3 loop) of the envelope of human immunodeficiency virus type I (HI V I LA BRV isolate ) 
has been inserted within internal permissive sites of either LamB or MalE, two envelope 
proteins from Escherichia coli KI2. The MalE hybrid protein (MalE133-V3 loop) was 
stably expresssed in the periplasm of Escherichia coli K12, and the V3 loop peptide was 
detectable on the surface of the native protein by an anti-gpl60 monoclonal antibody 
(mAb HO- A) The disulfide bridge between the two cysteines of the loop was formed. In 
contrast, genetic coupling to the outer membrane protein LamB did not allow the expression 
of a stable hybrid protein, and major proteolytic cleavage products of the LamB 1)3- I 3 
loop were delected bv mAb 110- A. The two plasmid-encoded hybrid genes were transferred 
to an aroA mutant of Salmonella typhimurium. Constitutive expression of the 
Ma!EI33- V3 loop had no delectable effect on cell growth and on the survival m vivo of 
the recipient strain. The LamBI53-V3 loop was not stably expressed in Salmonella, either 
in vitro or in vivo. Live recombinant salmonellas expressing MalE-V3 and LamB- V 3 
loop hybrids were used to immunize mice. The MalE- V3 loop hybrid induced anti-HIVl 
envelope antibodies delectable by Western blot and ELISA, while the anti-HIVl envelope 
antibodies induced by the LamB-V3 loop hybrid were only detectable by Western blot. 
In addition, purified MalE-V3 loop hybrid protein was able to stimulate m vitro and 
induce in vivo a V3 loop-specific T-cell proliferative response. 

Keywords: HIV1; gp!60; Salmonella vaccine: LamB; MalE; hybrid protein; epitope 



Despite recent advances, the development of a vaccine 
against human immunodeficiency virus (HIV) remains 
to be achieved (see Ref. 1 for a review). Most of the 
targets for neutralizing antibodies were previously shown 
to lie within the envelope protein gp!60. Numerous 
experiments have now demonstrated that the major 
neutralization epitope is located in the third variable 
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domain of the gpl20 moiety of gpl60 (residues 307 to 
330) (Refs 2-5 and references therein). This region forms 
a disulfide-bonded loop, the so-called V3 loop. It contains 
epitopes recognized by cytotoxic T lymphocytes 6 , helper 
T cells"- 8 , and induces antibody-dependent cellular 
cytotoxicity 9 - This region constitutes a very attractive 
candidate for the development of a subunit vaccine 
against HIV. 

Synthetic peptides corresponding to this region have 
been used as immunogens and were shown to allow the 
induction of high-titre anti-gpl60 antibodies, able to 
neutralize virus infectivity in vitro 4 ' 10 and confer 
protection to chimpanzees in vivo 11 . 

A number of vectors have been developed that allow 
the expression of foreign polypeptides as genetic fusions 
to carrier proteins (see Ref. 12 for a review). Fusion of 
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peptides from the V3 loop region to viruses or virus-like 
particles has recently been described 13 ^ 15 . 

We have developed a genetic procedure to express 
foreicn peptides within 'permissive' internal sites of two 
envelope proteins from Escherichia coli K12: the soluble 
periplasmic MalE protein and the integral outer 
membrane- LamB protein 16 . Humoral and cellular 
immune responses have been elicited against epitopes 
inserted in LamB sites exposed at the cell surface^ or 
within the MalE protein expressed in the periplasm 1 7 22 . 
One of the major advantages of these two carrier proteins 
is that they can be expressed in enteric bacteria other 
than E. coli, more suitable for vaccine development. In 
particular, we showed that LamB and MalE hybrids 
could be expressed in attenuated strains of Salmonella 
typhi and Salmonella typhimurium 2 \ Attenuated aroA 
mutants of S. typhimurium, which induce a broad immune 
response after oral administration 24 , offer a convenient 
way of presenting heterologous antigens to the immune 
system. In recent studies, using Salmonella as a carrier, 
several groups have shown that it is also possible to 
induce an immune response against a number of foreign 
B-cell or T-cell epitopes, including cholera toxin 
epitopes 25 , malaria antigens 26 , hepatitis B surface- 
antigen epitopes 23 ' 27 , tetanus toxin 28 , streptococcal M 
protein 29 and influenza haemagglutinin epitope 30 . 

We inserted a peptide comprising the V3 loop from 
the envelope of HIV1 (LAV BRU isolate) at internal sites 
after residues 153 of LamB and 133 of MalE proteins. 
The recombinant proteins were expressed in E. coli K12 
and in the attenuated S. typhimurium vaccine strain 
SL3261 31 . The immunological properties of the V3 loop 
genetically coupled to these two carrier proteins were 
studied using live recombinant salmonellas as immunogens. 
The ability to induce in vitro and in vivo V3 loop-specific 
T-cell responses was also tested using purified MalE-V3 
loop hybrid protein. 



MATERIALS AND METHODS 
Bacterial strains and constructions 

The LamB and MalE-V3 loop hybrids were first 
constructed in E. coli K12. The recombinant plasmids 
were then transferred to SL3261 by electroporation 32 . 

Strain pop 6510 {thr leu lonB thilacYl recA dex5 met A 
supE) was used as a recipient for the LamB hybrid 
constructions. dex5 is a mutation in gene lamB which 
prevents expression of any detectable LamB protein. 
Strain PM9F' (recAl endAl thi gyrl96 hsdRll supE44 
relAl A(lac-proAB) AmalE444 F' lacF pro A + B + lacZ 
AM 15) was the recipient for the MalE hybrid 
constructions. AmalE444 is a non-polar deletion in the 
malE gene which prevents expression of any detectable 
MalE protein. 

The double-stranded DNA fragment encoding the V3 
loop peptide was obtained by polymerase chain reaction 
(PCR) amplification on plasmid pRSR3 (kindly 
provided by Dr S. W ; ain-Hobson, lnslitut Pasteur, Paris, 
France), by a standard procedure 33 . pRSR3 is a 
derivative of pUClS carrying a 3845 bp EcoK\-Sac\ 
fraement comprising the env gene from HIV1 (LAV BRU 
isolate). The two primers used were: 5' GAA GAT CTT 
GAA ATT A AT TGT ACA AG A CCC 3', on the coding 
strand; and 5' CGG GAT GCG CTC TAC TAA TGT 
TAC A AT GTG C 3'. on the non-coding strand. At the 



V end of the first primer is a BgfU restriction site, and 
at the 5' end of the second primer is a BamYU restriction 
site (in bold ). The PCR amplification product was then 
simultaneously digested with restriction enzymes Bgl\\ 
and BamHL The Bg!\\~BamH\ DNA fragment, 
encoding the V3 loop peptide, was then purified on 
Tris-acetate-EDTA 1.5% agarose gel, and finally 
subcloned into the Bam\\\ sites of plasmids pAJC264 
(insertions in LamB at site 153 34 ), and pTM133 
(insertion in MalE at site 1 33 22 ), as described 
previously 35 . 

The two hybrid genes are carried on pBR322 
derivatives under ptac promoter control. In plasmid 
pAJC264-V3 loop (encoding LamB-V3 hybrid), one Jq 
eene is also present, to maintain a low level of expression 
m the absence of induction with TPTG. In plasmid 
pTM133-V3 loop (encoding MalE-V3 hybrid), the lq 
eene was removed since the construction appeared to be 
fully stable both in vitro and in vivo (see below), thus 
allowing a constitutive expression of the recombinant 
protein. 

The peptide inserted into LamB and MalE will be 
called the V3 loop, for simplicity, and the two hybrid 
proteins will be called LamB153-V3 loop, and 
MalE133-V3 loop (see Figure 3 ). 

Intravenous immunizations with live recombinant 
salmonellas 

Balb/c mice were immunized intravenously with 
approximately \0 n live recombinant salmonellas (in 
0.2ml PBS). Bacterial were grown in Luna broth 
containing 100 pg ampicillin ml" 1 . Expression of the 
hybrid lamB gene was induced by addition of lsopropyl- 
^-D-thiosalactoside (IPTG) (10" 3 m final) in early 
exponential growth phase (absorbance at 600 nm, 
,4 =0.4). Growth was pursued until A 600 — 
Ahquots were snap frozen in liquid nitrogen. Three 
injections were performed at monthly intervals. Blood 
samples were collected 7 days after each injection. 

The stability in vitro of the recombinant plasmids was 
measured, for'the two types of constructions, by plating 



Sequence in LamB (insemon berween residues 153 and 154 of the mature LamB protein): 



153 



154 



TCC CCG GAT CTT { V3 sequence } AGA GCG GAT CCC GCC TCT 
P D L {EINC CN1S] R A D P A 

Sequence in MalE (insertion between residues 133 and 143 of ihe mature MalE protein): 

133 143 
ATC CCG GAT CTT { V3 sequence ) AGA GCG GAT CCG GGT 
p D L (EINC CN1S) R A D P 



Amino-acid sequences are indicated in the one-letter code. 

The dotted line corresponds to tne sequence of the V3 loop between the two cysteine 
residues : TRPr^TRKSIRlQRGPGRAFVTlGKlGNMROAH. 

The iwo cysteine residues in the V3 peptide, responsible for the formation of the V3 
loop, are in bold letters. 

PDL and RADP residues result from the linker sequence. 

Figure 1 DNA and amino acid sequences ol the LamB-V3 and MalE- V3 
Iood hybrid proteins tn the regions oi insertion of the V3 loop 




dilutions of fresh bacterial cultures, grown overnight in 
complete medium with ampicillin, and plated on solid 
medium with or without ampicillin. Stability in vivo was 
determined in spleens of mice 1 and 14 days after 
intravenous immunization with 10 5 -10 6 colony-forming 
units (c.f.u.) as previously described 3 '. 

Western blot analysis 

Detection of Lam B- and MalE- V3 loop hybrid proteins. 
Immunoblotting of heat-denatured cellular extracts was 
performed as described previously 34 . For the LamB153- 
V3 loop hybrid, bacteria were induced by addition of 
30" 3 m IPTG in the early log phase. For the 
MalE133-V3 loop hybrid, 10~ 3 m IPTG was added only 
when the recombinant plasmid was expressed in E. coli 
(the recipient E. coli strain used contained a laclq gene 
copy on the F' episome). The amount of bacterial extract 
loaded per well corresponded to approximately 5 x 10' 
bacteria. After electrophoretic transfer to nitrocellulose 
filters, the extracts were analysed with anti-LamB peptide 
serum 38 at a dilution of 1/50 000, or anti-MalE serum 39 
at a dilution of 1 /2000, and with mAb 1 10-A at a dilution 
of 1/1000. MAb 110-A (Diagnostic Pasteur, France), 
was kindly provided by F. Traincard (Institut Pasteur. 
Pans). MAb 1 10-A was raised by immunizing mice with 
recombinant soluble gpl60 (Transgene 40 ). Its recognition 
site was mapped within peptide PGRAFVT, at the tip 
of the V3 loop (Catalogue de Reactifs ANRS, France). 

Recognition of recombinant gpl60. Sera from mice 
immunized intravenously with live recombinant salmon- 
ellas were tested for their ability to react in Western blot 
with soluble recombinant gpl6Q. Soluble recombinant 
gpl60 was loaded (200 ng per well), and transferred 
elecirophoretically to nitrocellulose after migration on 
SDS-polyacrylamide gel. Sera were tested at a final 
dilution of 1 /200. The specificity of recognition of gpl60 
was also tested in an inhibition assay, by preincubation 
of serum diluted 1 /200 with free V3 synthetic peptide 
(NTRKSIRIQRGPGRAFVTIGK) at a final dilution of 
0.1 mg ml" \ before immunodetection in Western blot. 
Recognition of gpl60-antibody complexes was revealed 
using anti-mouse IgG coupled to peroxidase (Bio-Rad), 
as previously described 38 . 

T-cell proliferation assay 

Balb/c mice were immunized subcutaneously at the 
base of the tail with 10 fig of 18IIIB (315-329) peptide, 
or 10 /ig of hybrid protein MalE133-V3 loop, or 25 ptg 
of wild-type MalE protein emulsified in complete 
Freund's adjuvant (CFA). Fourteen days later, draining 
inguinal lymph nodes (LN) were removed aseptically, 
and 7.5 x 10 5 LN cells/well were cultured in a 96-well 
microtitre plate with the appropriate antigen in triplicate 
in RPMI 1640 medium (Seromed) and 1.5% fetal calf 
serum (Bayer Diagnostics), 0.5% normal mouse serum, 
100 U ml" 1 penicillin, 100 ^g ml" 1 streptomycin, 2mM 
L-glutamine and 5 x 10" 5 M 2-mercaptoethanol. After 3 
days at 37°C cells were pulsed for 18 h with 
17'5/vCiml" 1 of [ 3 H]thymidine and then harvested 
onto fibreglass filters with an automated cell harvester. 
Incorporated radioactivity was measured by scintillation 
counting. Results were expressed as background- 
subtracted geometric means. Standard deviations of 
triplicated cultures were <15% of the mean. 18IIIB 



loop of HIV1 expr^^d in S. typhimurium. A. Charbit et al. 

(315-329) peptide was a kind gift from G. Dadaglio 
(Institut Pasteur, Paris). 

Two to three animals were tested per group, in each 
experiment. Experiments were repeated at least twice. 

ELISA 

Recognition of the V3 loop on the surface of native 
purified MalE133~V3 loop. Ninety-six well micro- 
titration plates (Nunc ) were coated overnight with 100 ng 
of either mAb 1 10-A or mAb 56. 5 22 diluted in PBS. The 
antibodv-coated plates were washed with PBST (PBS 
with 0.05% Tween 20), blocked for 1 h with PBSTB 
(PBST with 1% bovine serum albumin), then incubated 
for 1 h with serial twofold dilutions (0.1 - 1000 ng/well ) 
of purified wild-type MalE and hybrid MalE133-V3. 
Wells were washed and incubated for 1 h at 37°C with 
a 1/1000 dilution (3 /ig mP 1 ) of an immunopurified 
rabbit polyclonal anti-MalE serum in PBSTB. After 
washing, wells were incubated with a goat anti-rabbit 
IgG peroxidase conjugate for 1 h at 37°C. Plates were 
incubated for 30 min with a substrate solution (TMB kit, 
KPL). The reaction was stopped by addition of H 2 S0 4 , 
and absorbance was recorded at 450 nm. 

M Ab 56.5 was raised by immunizing mice with purified 
MalE protein and was kindly provided by F. Traincard 
(Hybridolab, Institut Pasteur, Paris, France). 

Anti-gpJ '60 antibody titres. Each well was coated with 
150 ng of soluble recombinant gpl60 (Transgene, 
provided by M.P. Kieny 40 ), and serial dilutions of sera 
from individual mice were tested. Two pools of sera from 
naive mice, and mice hyperimmunized intravenously with 
live SL3261 alone, were used as negative controls. 

Disulfide bridge formation assay 

Reduced cysteines were determined by colonmetric 
dosage 41 . The MalE133-V3 loop protein was first 
incubated for lh in PBS supplemented with 1% 
SDS and 10 mM EDTA at room temperature in the 
presence or absence of reducing reagent dithiothreitol 
(DTT) (10 mM final). The DTT was removed by gel 
filtration on a G10 column (Pharmacia). Excess NbS 2 
(500 /xm) was added to denatured (reduced or not 
reduced) MalE133-V3 loop (-10/^m). The increase in 
absorbance at 412 nm following NbS 2 addition was 
measured against an appropriate blank. Molar absorption 
coeflficients^of 14 100 for thionitrobenzoate anion 42 and 
64 960 for denatured MalE133-V3 loop hybrid 43 were 
used. 



RESULTS AND DISCUSSION 
Properties of the recombinant proteins 

Characteristics of the hybrid proteins. Expression of 
LamB- and MalE-V3 loop hybrid proteins, in E. coli 
K12 and in S. tvphimunum, was first analysed by Western 
blotting of heat-denatured bacterial extracts using 
anti-LamB or anti-MalE rabbit polyclonal sera, and 
anti-gpl60 monoclonal antibody mAb 110-A (see 
Materials and methods). 

With LamB153-V3 loop hybrid, extensive degradation 
was observed both in E. coli and S. typhimurium. 
Different major degradation products (ranging from 20 
to 30 kDa ) were detected by the anti-LamB serum in the 
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Figure 2 (a)-(d) Western blot analysis of the recombinant proteins. (a)(b) Detection of MalE-V3 loop hybrid with (a) anti-MalE antibody or (b) mAb 
110-A. (c)(d) Detection of LamB-V3 loop hybrid with (c) anti-LamB antibody or (d) mAb 110-A. I. induction of LamB153-V3 loop protein expression 
by addition of IPTG (1CT 3 m final) (see text}, Nl, no induction. (e)(f) ELISA with native MalE133-V3 loop hybrid protein. Detection of wild-type MalE 
and MafEl33-V3 loop hybrid proteins, in ELISA. (e) MAb 110-A (anti-V3) and (f) mAb 56.5 (anti-MalE) were coated to the ELISA plate. The abcissae 
indicate the amounts of soluble purified MalE protein or MalE133-V3 protein added per welt. The ordmates indicate the absorbance recorded at 
450 nm after immunodetection of the bound protein with a rabbit polyclonal anti-MalE antibody followed by a peroxidase-coupled anti-rabbit antibody 



two types of extracts. Interestingly, mAb 110-A was able 
to recocnize specifically two degradation bands in £. coli 
(not shown) and in Salmonella extracts (Figure 2d) 

In contrast. MalE133-V3 loop protein was stably 
expressed, both in E. coli and S. typhimurium 
(Ficiure ->a-d) Non-decraded forms or the protein could 
be detected bv anti-MalE and mAb 110-A, in the two 
strains. However, different major degradation products 
were also detected by anti-MalE and m.Ab 110-A, 
particularly in E. coli extracts, probably due to a higher 
level of expression of the hybrid protein in this strain. 
MalE133-V3 loop hybrid protein could be purified on 
an amylose column as described previously for the 
wild-tvpe protein 44 , indicating that the hybrid protein 
had kept the overall functional and structural properties 
of wild-tvpe MalE. Some degradation was, however, 
observed 'during the course of the purification procedure 
(approximately half of the hybrid was degraded). The 
antigenic properties of MalE133-V3 loop protein were 
then tested bv ELISA (see Materials and methods for 
details) We found that the native hybrid protein was 
recognized by mAb 110-A (Figure 2e), demonstrating 
that the V3 epitope was expressed at the surface of the 

Pr Welhen tested whether the disulfide bridge between 
the two cysteine residues flanking the V3 region, naturally 
formed in the viral envelope protein, was also formed in 
the MalE hybrid (wild-type MalE does not contain any 
cysteine residue). For this, the quantity of reduced 
cysteines per molecule of MalE133-V3 loop hybrid was 
determined bv a colorimetric assay (see Materials and 
methods) A 'value of 0.7 reduced cysteines per hybrid 
protein was found with denatured MalE133-V3 loop 
protein preparation, and a value of 2.5 with denatured 
and reduced MalE133-V3 loop protein preparation. 
This result shows that, in the hybrid protein, more than 

70% of the cysteines are engaged in a disulfide bridge. 

The excess of cysteines found in the denatured and 

reduced preparation (2.5 cysteines per molecule instead 

of 2) may be due to an overestimation of the molar 

absorption coefficient of the protein. 

This construction is believed to represent the first 

example of expression of a foreign disulfide-bndged loop 

in an internal permissive site of MalE. 
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Figure 3 In vitro proliferative response ol 18IIIB pepfde-specific T 
lymphocytes to the V3 loop region expressed by MalE133-V3 loop hybrid 
protein. Balb/c mice were immunized subcutaneously with 10 /ig ot 
1BIIIB (115-129) synthetic peptide in CFA. Two weeks later, draining LN 
cells were removed and stimulated in vilro with 18IIIB (315-329) peptide 
(O). MalE133-V3 loop hybrid protein (•) or MalE wild-type protein 
(■)'. Proliferation was determined on day 6 by ['HJthymtdine 
incorporation as described 
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Table 1 In vivo stability of the recombinant Salmonella typhimurium 






SL3261 
(MalE-V3 loop) 


SL3261 
(LamB-V3 loop) 


Day 


- ampi 


-f ampi 


— ampi 


•f ampi 


0 
1 

14 


5.36 

3.72 ± 0.21 
4.3 ± 0.23 


5.31 

3.25 ± 0.17 
4.2 ± 0.28 


4.82 

3.78 + 0.06 
4.8 s 


4.33 

3.2 ± 0.13 
3.08 ± 0.42 



Viable counts of bacteria present in spleen of mice immunized by the 
i v route with recombinant SL3261 expressing either LamB-V3 loop or 
MalE-V3 loop proteins were performed at days 1 and 14. Four mice 
were immun.zed with each strain. Organ homogenates were prepared 
and v,able counts were made in medium w.th (+ampi) or w.thou 
(-ampi) ampicillm to test plasmid segregation in vivo. The initial 
immunizing dose is indicated at day 0. Values are given as log 10 . 
-In this case the standard deviation was not measured because of the 
hiah number of viable bacteria in the sample: on each plate, the number 
of colonies was estimated to be 6000 tor 1 ml out of 10 mi spleen 
suspension With the LamB-expressing bacteria, the initial dose was 
lower than with MalE because of cell death upon thawing of the sample 



In vitro and in vivo stability of the recombinant 
Salmonella strains 

While the MalE133-V3 loop construction was stably 
expressed in Salmonella in vitro and in vivo, the 
LamBl53-V3 loop hybrid could not be stably expressed 

( ^n culture, the plasmid carrying the MalEl 33-V3 loop 
eene was fully stable and the protein could be expressed 
constitutively without toxic effect on salmonella growth. 
In contrast, the recombinant bacteria expressing 
LamB153-V3 loop hybrid tended to lose the plasmid 
(1/5 to 1/10 bacteria kept the plasmid after overnight 
growth, see Materials and methods for details ). In spleens 
of mice collected 14 days after immunization with live 
recombinant SL3261 expressing MalEl33-V3 loop 
hybrid all the viable bacteria still carried the plasmid 
( Table 1 ) while only 1 /50 viable bacteria still earned the 
plasmid after immunization with SL3261 expressing 
LamB153-V3 loop hybrid (Table J). 

In conclusion, MalE appeared to be a more suitable 
carrier than LamB for the expression of the V3 loop. 
MalE133-V3 loop protein expressed in SL3261 was not 
subject to extensive proteolytic degradation, and its 
constitutive expression had no detectable effect on cell 
growth and on the in vivo survival of the recipient 
bacteria. In contrast, the LamB153-V3 loop hybrid 
protein appeared to be highly sensitive to protein 
degradation, and the recombinant plasmid was unstable 
in vivo Since it was previously shown that a broad variety 
of foreign sequences up to about 60 residues m length 
could be expressed in LamB site 153 without major 
consequence for the functionality and stability of the 
protein 45 , the instability of this construct might be due 
to the fact that the loop is formed during exportation of 
the hybrid polypeptides, preventing its stable incorpor- 
ation in the outer membrane. The non-correctly exported 
products would be either rapidly degraded by the 
bacteria, or the plasmid would be lost, m order to avoid 
toxicity. 

Immunogcnicity of the recombinant proteins 

Mice were immunized i.v. with live recombinant 
salmonellas expressing LamB or MalE hybrid proteins. 
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The humoral responses induced were monitored by 
Western blot and EL1SA. The ability of punned 
MalEl33-V3 loop protein to induce a V3 loop-specific 
proliferative T-cell response in vitro and in vivo was also 
tested. 

Antibody responses induced with live recombinant S. 
typhimurium expressing MalE-V3 or LamB-V3 loop 
hybrids. Intravenous immunization with SL3261 alone 
did not induce any significant anti-MalE response. 
Therefore, the anti-MalE antibody responses recorded in 
sera from the mice immunized with SL3261 expressing 
MalE133-V3 loop hybrid had been specifically induced 
by the hybrid MalE protein. In all the sera tested, the 
anti-MalE antibody titres were very high (>10 5 , see 
Table 2). The immunized animals also raised anti-gpl60 
antibodies, as detected by ELISA and Western blotting. 
In ELISA, four mice out of five raised anti-gp^l60 
antibodies {Table 2), with titres ranging from 2 x 10 3 to 
2 x 10 4 (in the control group of mice immunized with 
SL3261 alone no significant anti-gpl60 antibody 
response was detected). In Western blot, the sera from 
the five animals were able to react with gpl60, and 
were inhibited bv the synthetic soluble V3 peptide 
(NTRKSIRIQRGPGRAFVTIGK; Table 2). 

High anti-LamB antibody responses (of the order of 
10 5 ) were recorded after i.v. immunization of mice with 
SL3261 expressing LamB153-V3 loop, as well as with 
SL3261 alone. The high anti-LamB titres also observed 
in the sera from the control group of mice (immunized 
with SL3261 ) were probably due to non-specific 
crossreaction of anti-Salmonella antibodies with the £. 
coli K12 LamB protein preparation (unpublished data). 
By ELISA, no anti-gp 1 60 antibody response was detected 
in any of the sera from mice immunized with SL3261 
expressing LamB153-V3 loop. However, when two of 
these sera were tested at a dilution of 1/200 in Western 
blot against gp!60 (see Materials and methods), they 



Table 2 Intravenous immunizations with SL3261 expressing MaIE133-V3 
loop 







Recognition of 






Anti-MalE 


gp160 in WB C 




Mouse 


ELISA litre* 






Anti-gp160 


no.* 


( x 10 s ) 




Inhib. pep. 


ELISA tttre^ 


1 


>3.4 


-f 


+ 


<1/100 ' 


2 


>3.4 


+ + 


+ 


>2 x 10 3 


3 


>4 


-f + 




1.5 x 10 3 


A 


>3.5 


+ -f + 


j- 


2 x 10* 


5 


>2.7 


■f h — v 


4- 


>2 x 10 3 



Titres were recorded in the sera collected after the second booster 
injection. Values are the reciprocal of the dilution of serum giving a 
signal twotold that recorded with the pre-immune serum at a dilution of 
1/100 

•Five mice survived after the second booster injection (5/10). The serum 
of each individual mouse was tested 

''Anti-MalE antibodies were measured by ELISA with purified wild-type 
MalE at 100ng/we!l, as described previously 1 * 

'Recognition of gp160*° was performed by Western blot at a final dilution 
of serum of 1/200 (-, left column); + , + + or + -f +, recognition of 
gp160. Inhibition of recognition of gp160 by the serum (Inhib. pep., right 
column) was performed by preincubating the diluted serum with free 
V3 synthetic peptide at a final dilution of 0.1 mg ml" 1 ; +, inhibition of 
recognition of gpl60 

"Recognition of soluble recombinant gpl60 by ELISA was performed as 
described previously 10 by direct coating of gp160 at 150 ng/microtitration 




were able to react specifically with the recombinant gpl60 
coated to the nitrocellulose (data not shown). 

The increased sensitivity of the Western blot test may 
be attributed to a more favourable conformation of gp!60 
coated on the nitrocellulose sheet than adopted on the 
microtitration plate. 

The anti-V3 peptide antibody titres could not be 
determined, since we found that the pool of sera 
from mice hyperimmunized with SL3261 alone cross- 
reacted non-specifically with the synthetic V3 peptide 
(CTRPNNNTRKSIRIQRGPGRA ). 

In vivo and in vitro V3 loop-specific T-cell proliferative 
responses. The V3 loop contains a dominant T-cell 
epitope which is located between amino acids 315 and 
329 (18IIIB peptide 6 ). Therefore, we first examined if 
1 8IIIB peptide-specific T lymphocytes could be stimulated 
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Figure 4 In vivo induction of gpl60-specific T-cell response by 
immunization with Ma!E133-V3 loop hybrid protein. Balb/c mice were 
immunized subcutaneously with 10 /ig of MalE133-V3 loop hybrid protein 
( • ), or wild-type MalE protein ( ■ ) in CFA, or CFA alone ( A )■ Two weeks 
later, LN cells were removed and stimulated in vitro with (a) 1811IB 
(115-129) peptide, (b) gp160 protein or (c) wild-type MalE protein. 
Proliferation was determined on day 4 by [ a H]thymidine incorporation 




in vitro by recombinant MalE protein expressing the V3 
loop. Balb/c mice were immunized with the free 1 81 1 IB 
synthetic peptide and 2 weeks later LN cells were 
stimulated in vitro with the homologous peptide or with 
the MalE133-V3 loop hybrid protein. As shown in 
Figure 3, a strong stimulation of proliferative response 
of LN cells was observed after in vitro culture with the 
recombinant MalE protein. This stimulation was specific 
to the peptide inserted and was not observed with the 
wild-type MalE protein. 

It was next determined if purified MalE133-V3 loop 
hybrid protein was able to induce a V3 loop-specific 
T-cell response in vivo, Balb/c mice were immunized 
subcutaneously with hybrid protein, and LN cells were 
stimulated in vitro with 18IIIB synthetic peptide, 
recombinant gpl60, or wild-type MalE. LN cells from 
mice primed with MalE133-V3 loop hybrid protein 
developed a proliferative response in vitro against 18IIIB 
synthetic peptide whereas LN cells from MalE-primed 
mice did not (Figure 4a). This demonstrated that 
MalE133-V3 loop hybrid could induce in vivo and 
stimulate in vitro 18IIIB peptide-specific T-cell prolifer- 
ative responses. 

Moreover, a strong proliferative response was 
observed when MalE133-V3 loop-primed LN cells were 
incubated in vitro with recombinant gpl60. A non-specific 
response was observed when LN cells from control 
CFA- or MalE-primed mice were cultured with 2 or 
20/igml* 1 of recombinant gp!60. However, this 
proliferation was considerably lower than that obtained 
with the LN cells from MalE133-V3 loop-primed mice 
(Figure 4b). A high proliferative response to MalE was 
obtained with LN cells from both MalE or MalE133- V3 
loop-primed mice (Figure 4c). These results clearly 
demonstrated the efficiency of the V3 loop inserted in 
MalE to induce a specific T-cell response against the 
envelope protein of HIV1. 

Immunosuppression is a major contraindication to the 
use of live vaccines. It is therefore essential that any live 
vaccine considered for use against acquired immuno- 
deficiency syndrome (AIDS ) be shown to be safe in such 
immunocompromised hosts. In this respect, attenuated 
Salmonella strains constitute attractive candidates 46 . 
These strains are safer than vaccinia recombinants 47 and 
attenuated Salmonella have been shown to induce both 
T-helper and cytotoxic T-cell responses against carried 
antigens 48 . 

We have shown that the V3 loop could be stably 
expressed in vivo and in vitro in Salmonella by genetic 
coupling to the soluble MalE protein. Intravenous 
injection of recombinant bacteria expressing the 
MalE133-V3 loop hybrid induced significantly anti- 
gpl60 antibodies. Moreover, the purified MalE133-V3 
loop induced specific proliferative T-cell response against 
the envelope protein of HIV 1. We are at present studying 
the responses induced against the T-cell epitopes 
contained in the V3 loop after immunization with live 
recombinant Salmonella expressing the MalE133-V3 
loop. 
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